Introduction
Nickel in nature is mainly available in combination with arsenic, antimony and sulfur. The chief ore of nickel is garnierite, a magnesium nickel silicate of variable composition. However, it is capable of forming compounds containing Ni, Ni 2+ and Ni 4+ . Previously, nickel was used as a coinage metal. Nickel is used in the steel industry to produce steels of great tensile strength and toughness. Nickel compounds are also used in the ceramic industry to produce certain colors. Several methods have been developed for the determination of nickel, such as atomicabsorption spectrophotometry, 1 X-ray fluorescence spectrophotometry, 2 inductively coupled plasma-atomic emission spectrometry, [3] [4] [5] spectrophotometry 6 and voltammetry. 7 A fewer number of reagents are available for the spectrophotometric determination of nickel. The main reagents have been reported in the literature, such as furfural-2-benzothiazolyl hydrazone, 8 pyridine-2-aldehyde-2-quinolyl hydrazone, 9 phenanthridine-6-carboxaldehyde-2-pyridyl hydra-zone, 10 ο-hydroxy acetophenone hydrazone, 11 2-hydroxy-1-aceto-naphthone salicylic acid hydrazone, 12 and 2,4-dihydroxy benzaldehyde isonicotinoyl hydrazone. 13 However, each reagent system has its advantages and disadvantages with respect to sensitivity, selectivity and rapidity, due to using different colorometric reagents (Table 1) .
In this work, a simple and sensitive spectrophotometric method was developed for the determination of nickel in alloys and plant leaves with SAAH. Using this method, we also determined nickel in environmental samples.
Experimental

Preparation of salicylaldehyde acetoacetic acid hydrazone
Equimolar solutions of acetoacetic acid hydrazide and salicylaldehyde in aqueous methanol were refluxed for 2 h, and the contents were cooled to room temperature for separating the formed solid product. The solid was filtered, washed with water, dried and recrystallized from hot aqueous methanol (m.p., 220˚C; yield, 79%, as shown in Scheme 1). A simple and highly sensitive reagent of salicylaldehyde 3-oxobutanoylhydrazone (salicylaldehyde acetoacetic acid hydrazone, SAAH) was synthesized and studied for the spectrophotometric determination of nickel in detail. In the pH range 6, which greatly increased the selectivity, nickel reacted with SAAH to form a 1:1 yellow complex, having a sensitive absorption peak at 405 nm. Under the optimal conditions, Beer's law was obeyed over the range from 0.0117 to 0.1174 µg cm -3 . The apparent molar absorptivity was 3.025 × 10 5 dm 3 mol -1 cm -1 . The detection limit and the variation coefficient were found to be 1.752 ng cm -3 and 1.0%, respectively. The method has been applied to the quantitative determination of nickel in different alloys and leaves. 
Apparatus
A HITACHI U 2001 spectrophotometer with a 1 cm path length was used to measure the absorbance spectra.
Reagents
All of the chemicals used were of analytical reagent grade. Doubled-distilled water was used throughout the experiments. A standard stock solution of nickel (0.1 mol dm -3 ) was prepared by dissolving 2.8068 g of nickel sulfate in 100 cm 3 of doubledistilled water. Then, 0.1 mol dm -3 of a SAAH solution was prepared by dissolving 2.20 g of SAAH in 100 cm 3 of dimethyl formamide. Finally, a 0.1 mol dm -3 HNO3, 6 mol dm -3 HCl, 0.5 mol dm -3 solution of ammonia, a 5 mol dm -3 solution of ammonia and a 0.5 mol dm -3 solution of ammonium chloride were prepared with double-distilled water.
Procedure for the determination of nickel
First, 1 cm 3 of a metal ion solution was transferred into a 10 cm 3 standard flask; then 5 cm 3 of a buffer solution of appropriate pH 6, 1 cm 3 of a reagent solution and 1 cm 3 of dimethyl formamide were added, successively; finally, the solution was diluted to the mark with distilled water, mixed well and left standing for 15 min. The absorbance at 405 nm was measured with a 1 cm path length against a reagent blank. The total volume of the experimental solution was maintained at 10 cm 3 , with a deviation of ± 1%.
Procedure for the determination of nickel in alloys
First, 1 g of an alloy sample was dissolved in 2 cm 3 of concentrated hydrochloric acid and 10 cm 3 of concentrated nitric acid. The solution was evaporated to obtain 3 cm 3 . To this, 5 cm 3 of 1:1 sulfuric acid was added, and whole solution was evaporated on a water bath to dryness. The residue left over was extracted with 15 cm 3 of water and carefully transferred into a 100 cm 3 standard flask; the resulting solution was made up to the mark with distilled water. This solution served as a stock solution after putting into a 100 cm 3 standard flask and making up to the mark. A known volume of this solution was placed in a 10 cm 3 standard flask, and it was then mixed with a 5 cm 3 of a buffer solution (pH 6), 1 cm 3 of a reagent solution and 1 cm 3 of diethyl formamide; the resulting solution was then made up to the mark. The absorbance of the solution was measured at 405 nm using the reagent solution as a blank.
Procedure for determination of nickel in plant leaves
Environmental samples were collected near Amararaja batteries at Tirupati. The plant leaves were dried at 105˚C, ground in agate and homogenized. Samples (5 -10 g) were weighed into evaporating dishes and ashed at 500 -550˚C in a muffle furnace. The ash was then dissolved in 10 cm 3 of 0.1 mol dm -3 HNO3, and the solution was transferred into a 60 cm 3 of separating funnel; 2 cm 3 of a 25% (w/w) KI solution, 5 cm 3 of 6 mol dm -3 HCl were then added and diluted to 25 cm 3 of water. The solution was extracted with 10 cm 3 of methyl isobutyl ketone (MIBK), and the aqueous solution was then transferred to another 60 cm 3 separating funnel; the aqueous solution was re-extracted with 10 cm 3 of MIBK. The aqueous layer was discarded and the organic phase was washed with 5 cm 3 of water. The organic phase was merged, then re-extracted with 1 cm 3 of 2 mol dm -3 NaOH and 9 cm 3 of water. After the aqueous phase was transferred into a 25 cm 3 calibrated flask, 1 cm 3 of 2 mol dm -3 HCl and 3 cm 3 of 2 mol dm -3 H3PO4 were diluted to the mark with water. The absorbance was measured as described in the aforesaid procedure.
Results and Discussion
Absorption spectra
Under the experimental conditions, the absorption spectra of SAAH and [Ni-SAAH] 2+ complex were scanned. The absorption maximum of SAAH was obtained at 320 nm, where as the [Ni-SAAH] 2+ complex gave an absorption peak at 405 nm. The contrast of the two peaks was 85 nm, and could be obviously distinguished. Thus, the absorption peak at 405 nm was chosen as the determination wavelength for the [Ni-SAAH] 2+ complex (Fig. 1) .
Effect of the reagent concentration and composition of the complex
To a series of 10 cm 3 standard flasks, each containing 1 cm 3 of a Ni 2+ solution (1 × 10 -5 mol dm -3 ), 5 cm 3 of a buffer solution (pH 6) and 1 cm 3 of dimethyl formamide were added different volumes of the reagent solution (2.0 × 10 -4 mol dm -3 ). The absorbance of each solution measured at 405 nm against a reagent blank.
From the experimental observations, it was found that beyond a ten-fold excess of the reagent, the absorbance remained almost constant. Hence, for further studies, 2 cm 
Effect of foreign ions
The effect of diverse ions on the absorbance of a solution containing 0.0587 µg of Ni 2+ was studied. The tolerance limits (µg) for various diversions were as follows: I - (1776) 
Analytical characteristics
A calibration curve was constructed in the usual way employing the aforesaid procedure. Beer's law was obeyed from 0.0117 to 0.1174 mg cm ) with a correlation coefficient of 0.9995 (Fig. 2) . The obtained apparent molar absorptivity was 3.025 × 10 5 dm 3 mol -1 cm -1 . The detection limit as defined by IUPAC, 14 was found to be 1.752 ng cm -3 . Five replicate analyses of a test solution containing 10 µg of nickel by the aforesaid procedure gave a variation coefficient of 1.0%.
According to the aforesaid procedure, another calibration curve was constructed for various nickel concentrations plus 300 mg of Ca 2+ with KI-MIBK for extraction and determination. 15 The results were almost the same as discussed. This indicates that extraction had little effect on the results.
Determination of nickel in alloys and plant leaves
Using the above aforesaid procedure, nickel in four different samples was determined. The results are given in Tables 2 and  3 . The proposed method was statistically calculated using this formula X -± st/ (n = 5), the f-and t-values refer to a comparison of the proposed method with atomic-absorption spectrophotometry. 1 The theoretical value at the 95% confidence level was t = 2.78. In order to check the accuracy of the proposed method, a study was carried out on various amounts of nickel for the extraction and determination. The relative difference between the absorbance obtained with and without extraction did not exceed 98.4 to 99.5%.
Conclusion
The synthesis of salicylaldehyde acetoacetic acid hydrazone is √ -n very simple and convenient. The proposed method is more simple and sensitive than that of other methods reported in the literature. 1 The method has very high selectivity. Its selectivity is much better than that of any other reagents reported for the determination of nickel. Almost all cations and anions do not interfere with this reagent. The color reaction is used for the quantitative determination of nickel in different alloys and plant leaves conveniently. The determined amounts of nickel are very well within 1% of the certified amounts of nickel present in alloys and plant leaves. Thus, the proposed method can be used routinely for the determination of nickel in alloys and plant leaves. 
